ABSTRACT The chicken as a research model has a disadvantage compared with the mouse and the human because of the low number of available antibodies against gene products of interest. The goal of this study was to identify the antigen recognized by monoclonal antibody (mAb) GIIF3, which is a 42 kDa protein that appears in follicle-associated epithelium of the guinea hen as well as in different muscle types during chicken embryonic development. The 42 kDa protein, immunoprecipitated from chicken gizzard protein lysates, was evaluated by mass spectrometry. Mass spectrometry analysis revealed peptides specific for the chicken β-or γ-actin isoforms. The mAb GIIF3 can be used as a new research tool for smooth muscle cell and bursa of Fabricius developmental studies.
INTRODUCTION
The monoclonal antibody (mAb) GIIF3 was from a panel of mAb produced against guinea hen spleen cells to generate tools for studying the development of avian lymphoid tissues. In experiments to survey tissue expression with Western blotting, mAb GIIF3 recognized proteins in the 50 kDa and 42 kDa molecular mass range in smooth muscle tissues from the guinea hen and chicken (Nagy et al., 2001a) . The proteins recognized at the 42 kDa range are similar in molecular mass to the α-actin proteins. However, additional experiments showed that the staining patterns of GIIF3 antibody and a commercially available avian specific α-actin antibody were different. These immunohistological experiments showed that GIIF3 positive cells appear from embryonic day 2 in heart, somites, and smooth muscle cells. The GIIF3 positivity appeared early in embryonic development in various myogenic types, but after hatching only smooth muscle cells continued to express it (Nagy et al., 2001a) .
Additional studies using immunohistochemistry with tissue sections of the bursa of Fabricius identified cells of mesenchymal origin expressing the antigen recognized by mAb GIIF3 early in bursal development (Nagy et al., 2001b) . In early embryos the immunohistochem-ical study revealed the migration of GIIF3-reactive mesenchymal cells across the basement membrane of the surface epithelium. After follicle formation GIIF3 positive mesenchymal cells participate in follicle associated epithelium (FAE) formation. After hatching the lumen of the bursa is exposed to the intestinal flora, which is transported into the bursal follicle by the FAE (Bockman and Cooper, 1973; Sorvari et al., 1975) . Recent studies have shown that components of the intestinal flora are required for driving bursal B-cell development by the time of hatching (Ekino et al., 1995; Sayegh and Ratcliffe, 2000; Arakawa et al., 2002; Felfoldi et al., 2005; Davani et al., 2014) . The FAE plays a critical function in the development of humoral immunity in the Aves with the regulation of transport processes between the bursal lumen and the medullary region of the lymphoid follicles (Nagy et al., 2001b) . Therefore, we theorize that the mAb GIIF3-reactive antigen shared between smooth muscle cells and mesenchymal-epithelial cells is a cytoplasmic actin protein. The objective of this project is to identify the antigen recognized by mAb GIIF3.
MATERIALS AND METHODS

Muscle Cell Lysate Preparation
The gizzards from 42-day-old chickens were used as the source of muscle tissue (a generous gift from the Mississippi State University Department of Poultry Science). A 100 μg sample of gizzard tissue was homogenized in radioimmunoprecipitaion buffer (RIPA) containing 50 mM Tris, pH 7.5, 150 mM NaCl, 0.1% 474 SDS, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1 mM ethylene glycol tetraacetic acid (EGTA), and 1 mM EDTA, with protease inhibitor cocktail (SigmaAldrich, St. Louis, MO) and phenylmethylsulfonyl fluoride (PMSF) (Ferguson et al., 1994) . The RIPA lysates were incubated on ice for 30 minutes and then centrifuged at 15,000 x g for 10 minutes. The supernatants were collected and quantified with 2D Quant Kit (Amersham Biosciences, Pittsburgh, PA). Cerebellum tissue was pooled from chicken embryos (17 days of incubation) and homogenized in RIPA buffer as described above.
Immunoprecipitation and Western Blot Analysis
At least 500 μg of gizzard tissue lysate or chick embryo cerebellum lysate (negative control tissue extract) were incubated with a 200 μL aliquot of mAb GIIF3 (IgG 1 ) hybridoma supernatant or mouse IgG 1 isotype control (Sigma-Aldrich, St. Louis MO) for 4 hours at 4
• C, and then 50 μL Protein G Dynabeads (Invitrogen, Grand Island, NY) were added and incubation continued overnight with agitation at 4 • C. After incubation, the Dynabeads were washed three times in immunoprecipitation (IP) lysis/wash buffer (25 mM Tris-HCL pH 7.4, 150 mM NaCl, 1% NP-40, 1 mM EDTA, and 5% glycerol). The immunoprecipitated proteins were eluted from the Dynabeads by incubation in 50 mM glycine (pH 2.8) for 10 minutes at 70
• C. The immunoprecipitated proteins were evaluated by Western blotting as described previously (Wan et al., 2004) . Briefly, the supernatants were electrophoresed on a 10% SDS-PAGE gel at 100 V for 1.5 hours, and then the proteins were transferred to a nitrocellulose membrane. The membrane was incubated in TBS containing 5% nonfat dry milk and 0.05% Tween-20, and then incubated with GIIF3 hybridoma supernatant overnight at 4
• C. After incubation the membranes were washed five times in TBS with 0.5% Tween-20, and then incubated with an alkaline phosphatase conjugated anti-mouse-IgG antibody (Southern Biotechnology Associates, Birmingham, AL) or with horseradish peroxidase conjugated TrueBlot anti-mouse Ig (Rockland, Limerick, PA) for 1 hour and then washed as above. The protein bands on the membranes were demonstrated with nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate (NBT/BCIP) alkaline phosphatase substrate (Sigma-Aldrich, St. Louis, MO) or with diaminobenzidine (DAB) substrate for horseradish peroxidase (Invitrogen, Grand Island, NY).
Mass Spectrometry
At least 20 μg of immunoprecipitated protein was resolved on a 10% SDS-PAGE gel and the 42 kDa protein band was excised for gel trypsin digestion. The isolated peptides were analyzed by mass spectrometry as described (Collier et al., 2006) . Figure 1 .
RESULTS AND DISCUSSION
In agreement with previous studies (Nagy et al., 2001a ) mAb GIIF3 immunoprecipitated proteins at the 42 and 50 kDa molecular mass range ( Figure 1A and B). The 50 kDa protein recognized by mAb GIIF3 was differentiated from the mouse IgG heavy chain with a secondary antibody that is only reactive with the native form of mouse IgG and therefore would recognize the mAb GIIF3 used as the primary antibody, but not the denatured form of mAb GIIF3 used in the immunoprecipitation ( Figure 1B) . The 42 kDa protein recognized by mAb GIIF3 is in the molecular mass range for smooth muscle actins (Nagy et al., 2001a) and therefore was isolated for evaluation by mass spectrometry. The mass spectrometry analysis identified 10 separate peptides that matched with chicken actin proteins in the non-redundant protein database (Table 1 ). The Table 1 are underlined. observed peptides were considered valid based on Delta Cn values >0.1, the presence of a C-terminal lysine or arginine, and the fact that multiple copies of each peptide was identified in the sample.
To determine the actin specificity of the peptides, each peptide was aligned with chicken smooth muscle and skeletal muscle α-actin isoforms, and the nonmuscle β-and γ-actin isoforms (Kovacs and Zimmer, 1993) [ Figure 2 ]. The location of the peptides within the actin proteins is shown underlined in Figure 2 and the corresponding amino acid position is listed in Table 1 . The sequence of six of the peptides could be found in all three actin isoforms, whereas two peptides showed specificity for only the α-or γ-actin isoforms. However, the β-actin -specific peptide GYSFTTTAER (amino acid positions 199-208) differs from peptide GYSFVTTAER by a conservative change from a threonine to a valine at amino acid position 200 (Table 1 and Figure 2 ). The peptide PEYDEAGPSIVHR (amino acid positions 362 to 374) is found only in the γ-actin isoform sequence. Therefore, the mass spectrometry analysis of the immunoprecipitated protein suggests that mAb GIIF3 recognizes an actin-specific epitope expressed within the β-and γ-actin isoforms.
The present study showed that antigen recognized by mAb GIIF3 is encoded by a chicken actin gene. Previous studies by North and coworkers (1994) investigated actin isoform expression in the chicken gizzard. In gizzard smooth muscle the β-actin fibrils are linked together by α-actinin and therefore represent a portion of the cytoskeleton. On the other hand, γ-actin is associated with the contractile myosin filaments of the muscle cell. The α-actin isoforms are not expressed in the gizzard (North et al., 1994) . Therefore, with relevance to our study the six peptides found in regions conserved within all three actin isoforms most likely originated from the gizzard β-and γ-actin isoforms (Table 1 and Figure 2 ). Future studies will require testing of recombinant proteins derived from the different actin isoforms.
In conclusion, the mAb GIIF3 represents a new marker in avian research that can be utilized in research focused on embryonic muscle cell development. Additionally, the staining of the FAE of the bursal follicle by GIIF3 (Nagy et al., 2001a,b) suggests that the cytoskeletal β-and γ-actin isoforms may be important in FAE function involving endocytosis and vesicle trafficking (Yarar et al., 2005) .
